Objective: To compare the cost-effectiveness of alternate treatment strategies using second-generation antipsychotics (SGAs) for patients with schizophrenia. Methods: We developed a Markov model to estimate the costs and quality-adjusted life-years (QALYs) for different sequences of treatments for 40-year-old patients with schizophrenia. We considered first-line treatment with one of the four SGAs: olanzapine (OLZ), risperidone (RSP), quetiapine (QTP), and ziprasidone (ZSD). Patients could switch to another of these antipsychotics as second-line therapy, and only clozapine (CLZ) was allowed as thirdline treatment. We derived parameter estimates from the Clinical Antipsychotic Trial of Intervention Effectiveness (CATIE) study and published sources. Results: The ZSD-QTP strategy (first-line treatment with ZSD, change to QTP if ZSD is discontinued, and switch to CLZ if QTP is discontinued) was most costly while yielding the greatest QALYs, with an incremental cost-effective ratio (ICER) of $542,500 per QALY gained compared with the ZSD-RSP strategy.
Introduction
Schizophrenia is a chronic and severely debilitating mental disorder affecting approximately 1% of the adult US population [1] . Its economic burden is substantial because of its attendant long-term care, numerous comorbidities, and lack of universally effective therapy. In 2002, the estimated total cost of schizophrenia was $62.7 billion, with $22.7 billion in direct health care costs in the United States [2] .
Second-generation antipsychotics (SGAs) were first introduced in the 1990s and have been commonly used for the treatment of schizophrenia being differentiated from conventional antipsychotics in their pharmacological mechanism of action and few neurologic side effects. The choice of these medications as either a first-line or second-line treatment, however, has been challenging because each medication has its own clinical profiles of efficacy, safety, and tolerability. Consequently, different treatment sequences will produce different health and economic outcomes. For example, a growing body of evidence suggests that clozapine (CLZ) and olanzapine (OLZ) exhibit superior efficacy than do risperidone (RSP), quetiapine (QTP), and ziprasidone (ZSD), but the former two medications have a higher propensity for weight gain and glucose abnormalities [3] [4] [5] . Therefore, patients treated with CLZ or OLZ are more likely to experience more improvement in their general mental state than do those receiving the other SGAs, but they are also more likely to experience cardiometabolic events. The American Psychiatric Association practice guideline (2004) and its guideline watch (2009) recommend that selection of an antipsychotic be guided by the patient's medication history, current symptoms and comorbid conditions, other concurrent treatments, and the patient's preferences [6] . The guideline states that SGAs should be considered as first-line therapy over first-generation antipsychotics (FGAs) primarily because of their fewer neurologic side effects although acknowledges debate over the relative advantages, disadvantages, and cost-effectiveness between FGAs and SGAs. There has been, however, a lack of specific recommendations on which medications should be considered as first-line or second-line interventions among the SGAs.
To evaluate the clinical profiles of different antipsychotics, the US National Institutes of Mental Health initiated the Clinical Antipsychotic Trial of Intervention Effectiveness (CATIE), a multicentered trial designed to compare the cost-effectiveness of one FGA (perphenazine) with that of four SGAs (OLZ, RSP, QTP, and ZSD) [7, 8] . Patients in CATIE were randomly assigned to double-blinded treatment with one of the five treatments and followed for up to 18 months or until treatment was discontinued because of treatment inefficacy, intolerable side effects, or patients' decision. Using data from CATIE, Rosenheck et al. [8] found that the choice of perphenazine as a first-line treatment cost less with no difference in qualityadjusted life-years (QALYs) compared with the four SGAs during the 18-month study period [8] . Because CATIE provided direct comparable data on efficacy, safety, and tolerability of different SGAs from a representative sample of patients in clinical practice, an additional study could examine the potential long-term economic and clinical consequences of using SGAs by using a decision-analytic model.
Previous studies on the cost-effectiveness of antipsychotics for the treatment of schizophrenia have compared FGA(s) versus SGA(s) [8] [9] [10] [11] [12] or incorporated only single lines of SGA treatments [13] [14] [15] [16] . To our knowledge, only one UK-based study estimated the long-term outcomes of diabetes on different sequences of treatments [17] . Accordingly, the objective of our study was to compare the clinical and cost-effectiveness of different sequences of SGAs used for patients with schizophrenia from the perspective of the US health care system.
Methods

Model Structure
We developed a Markov model to estimate the costs and QALYs over a 10-year time horizon of different treatment sequences for a 40-year-old cohort of patients with schizophrenia ( Fig. 1) . We considered 12 possible treatment strategies (four possible firstline therapies times three possible second-line therapies). For each strategy, first-line therapy was initiated with one of four SGAs (OLZ, RSP, QTP, or ZSD). We assumed that all patients would switch to a second-line treatment among the remaining SGAs if they discontinued the first antipsychotic for any reason (i.e., treatment inefficacy, intolerable side effects, their own decision), as noted in CATIE. Patients who experienced relapse after using the first antipsychotic also discontinued use, which was incorporated as a discontinuation reason due to treatment inefficacy, and were switched to second-line treatment. Lacking these reasons, we assumed that patients would continue their current antipsychotic. Patients who discontinued second-line therapy were treated with CLZ as a third-line treatment in accordance with guidance from the Food and Drug Administration [6] . The Food and Drug Administration limited the use of CLZ to patients who were nonresponsive to or intolerant of at least two different antipsychotics before they initiated CLZ because of its rare Fig. 1 -Schematic overview of Markov model. Individuals with schizophrenia are assumed to receive their first-line treatment with one of second-generation antipsychotics (SGAs) (olanzapine, risperidone, quetiapine, or ziprasidone) and switch to a different medication in these antipsychotics if they have the reasons such as treatment inefficacy, intolerable SE, or their refusal to continue. For each SGA, clinical data (e.g., discontinuation rates for different reasons, relapse rate, and risk of reversible and irreversible events) are assumed to be the same whether patients use it as their first-line or second-line treatment. Only clozapine is allowed to be used as a third-line treatment after failing two trials of the antipsychotics. Failure on clozapine leads to an uncontrolled state in which no antipsychotic is used. SE, side effect.
association with fatal agranulocytosis. Failure on CLZ resulted in no antipsychotic being used. We assumed that all patients continue on therapy until they fail third-line therapy. We chose a cycle length of 18 weeks to recognize any increase in mortality due to agranulocytosis, which occurs most often within 18 weeks of initiating CLZ treatment.
Clinical Data
Whenever possible, our model parameters were derived using the results from CATIE, which provided direct comparable evidence among SGAs. For each SGA, we derived 18-week discontinuation rates for the base-case analysis from the Kaplan-Meier discontinuation-free curves from CATIE [7] . Because the Kaplan-Meier curves show discontinuation rates separately by different discontinuation reasons (i.e., treatment inefficacy, intolerable side effects, and patient's decision), we estimated these rates independently from each curve. Using the derived 18-week discontinuation rates, we then computed the discontinuation-free probabilities for four time periods (i.e., 18, 36, 54, and 72 weeks) assuming a constant rate. The derived discontinuation-free probabilities at each time period were similar to those reported in the study. The model-specific sum of all discontinuation rates also approximated the discontinuation-free (for any reason) Kaplan-Meier curve from CATIE, with the percentage difference between them ranging from 0.7% to 13.8%. Relapse rates for each medication were obtained on the basis of the proportion of patients hospitalized because of exacerbation of schizophrenia in CATIE [7] . Treatment-emergent side effects were also defined on the basis of CATIE and included not only reversible events such as extrapyramidal symptoms (EPSs), hyperprolactinemia (HPRL), and any other events (e.g., insomnia, hypersomnia, or unpleasant subjective experiences) but also irreversible events such as metabolic syndrome (MS). More specifically, patients were assumed to experience EPSs if their scores on the Simpson-Angus Extrapyramidal Signs Scale increased 1 or more after receiving SGA treatment. Such changes in this scale indicate at least mild severity of extrapyramidal signs [7] . HPRL was indicated by symptoms such as decreased sex drive, arousal, ability to reach orgasm, gynecomastia, and galactorrhea (also menstrual irregularities among female patients). Other events included any moderate or severe adverse event spontaneously reported by patients in CATIE. We adopted the definition of MS developed by the National Cholesterol Education Program, which has been most commonly used in prevalence studies [18] . According to the National Cholesterol Education Program, MS is diagnosed if three or more risk factors satisfy the defined criteria among five risk factors: abdominal obesity, fasting triglycerides, high-density lipoprotein, blood pressure, and fasting glucose. Patients who developed MS were at an increased risk of developing diabetes or coronary heart disease (CHD). We derived the rates of reversible side effects and MS from CATIE [7, 19] and obtained risks of developing diabetes and CHD from MS using the original risk modeling studies [20, 21] . If patients with irreversible events (e.g., MS) switched their medication, they were assumed to experience adverse events relevant to the new medication. They CHD, coronary heart disease; EPS, extrapyramidal symptom; HPRL, hyperprolactinemia; MS, metabolic syndrome. * Beta distributions are specified by alpha and beta. † A prior distribution of beta $ (1, 5) was assumed to derive a posterior distribution of beta $ (1, 36).
would still be at risk, however, of developing further events (e.g., from MS to diabetes) due to the MS related to their first medication. The reversible side effects were assumed to occur within 4 weeks of medication initiation and continue throughout the remaining period of medication administration [17] . Because probabilities of discontinuation, relapse, and side effects of CLZ were not available from CATIE, we derived them from other studies [22, 23] . All baseline estimates are presented in Table 1 .
Costs
We adopted the perspective of the US health care system and thus only direct costs, such as medication and health service use costs, were considered. Costs for stable schizophrenia and relapse were estimated by multiplying the number of units of each resource consumed by the estimated unit cost of each resource and then summing the products across different resources. Estimates of each resource use and the unit costs of these resources were obtained from the literature and administrative data [24, 25] (Table 2 ). Costs of treating reversible side effects such as EPSs and HPRL involved an additional medication such as benztropine mesylate and bromocriptine, respectively [26, 27] . The annual costs of treating diabetes and CHD were estimated from the literature and published reports [28, 29] . Costs of SGAs were estimated by multiplying the mean dosages reported or recommended in CATIE by unit costs obtained from the average wholesale prices published in the 2013 Drug Red 
Health Utilities
Relevant health utility values for stable schizophrenia, relapse, reversible side effects, and diabetes were obtained from a utility elicitation study [31] . Stable schizophrenia had a utility value of 0.856, and a utility reduction (disutility) value due to relapse, EPSs, HPRL, and diabetes was 0.358, 0.256, 0.089, and 0.151, respectively, and applied for one 18-week cycle. Because the Briggs et al. [31] study did not identify the disutility value for schizophrenia with CHD, we assumed that this long-term disutility value would be 0.151, which is the same as that for schizophrenia with diabetes based on the studies in which the disutility for CHD was equal or almost equal to that of diabetes [32, 33] . The disutility due to other side effects was assumed to be the same as that for HPRL (0.089). Uncertainty from these assumptions was assessed by sensitivity analysis. Costs and QALYs were discounted at an annual rate of 3%.
Mortality
The baseline mortality rates for individuals with schizophrenia were estimated by adjusting the age-specific all-cause mortality rates of the general population from US life tables for the relative increase in suicide rate in patients with schizophrenia. To obtain * The medical care components of the consumer price index for 2013 were assumed to be the same as those for 2012. † Costs were assumed to be incurred per episode. ‡ An average cost based on equal use of 1-mg and 2-mg tablet was assumed. § An average cost based on equal use of 25-mg and 100-mg tablet was assumed. death rates not related to suicide, we subtracted the rates of death by suicide in the general population from age-specific allcause mortality in US life tables [34] . The mortality rates due to suicide in patients with schizophrenia were then added to these modified mortality rates, which were used as baseline mortality rates in our model. The mortality rates by suicide in patients with schizophrenia were obtained by multiplying the baseline death rate by suicide in the general population by the standardized mortality ratio (¼27.94) [35] and did not vary by treatment.
Relative risks for mortality associated with diabetes and CHD were applied to patients who developed such diseases (2.19; 95% confidence interval [CI] 1.26-3.79 and 1.67; 95% CI 1.05-2.66 for diabetes and CHD, respectively) [36, 37] . The rate of death from CLZ-related agranulocytosis was obtained from national registry data (0.012%; 95% CI 0.005-0.019%) and applied as additive effects in the model [38] . Finally, higher risk of death with no antipsychotic use compared with any antipsychotic treatment (adjusted hazard ratio ¼ 1.23; 95% CI 1.19-1.30) was considered for individuals who used no antipsychotic after failing CLZ treatment [39] .
Sensitivity Analyses
We conducted one-and two-way sensitivity analyses by varying key model parameters within their 95% CIs when available, or from 50% to 150% of their base-case values. Medication costs were varied using the least and most costly medication among the listed products with the same active ingredient in the 2013 Drug Red Book. Cost ranges are shown in Table 2 . We also varied the annual discount rate (0% and 5%) and the age of initiating antipsychotics (30 and 50 years). The probabilities of developing MS for each medication were additionally varied within their 95% CIs. These CIs were obtained on the basis of the assumption that the probabilities can be characterized by beta distributions. Finally, we varied the probabilities of medication discontinuation and relapse after 18 months from 0 to the base-case estimates because most of the Kaplan-Meier discontinuation-free curves from CATIE leveled off after 18 months, indicating that the patients might enter a stable phase. We conducted probabilistic sensitivity analyses to account for the uncertainty of each probability of medication discontinuation, relapse, treatment-emergent side effects, and risks of developing diabetes and CHD from MS (Table 1) . A beta distribution was assumed for these probability parameters. We assumed that the mean values were the base-case estimates and variances were based on the sample size of CATIE or from other published sources. Estimates of costs and QALYs were obtained using the values from these probability distributions with 5000 iterations. We plotted the results on a cost-effectiveness acceptability curve that demonstrated the probability that each treatment strategy was cost-effective given different willingness-topay values for an additional QALY.
The 10-year time horizon that we used in our base case was somewhat arbitrary. We chose a 10-year time horizon to capture the late effects of cardiometabolic events but decided against a lifetime horizon because of the uncertainty of how long the late effects last. In a sensitivity analysis, we assumed different time horizons: 18 months (follow-up time of CATIE), 5 years, and 20 years. Table 3 shows the expected total costs and QALYs for 12 different treatment strategies over a time horizon of 10 years. In each strategy, cohorts of 40-year-old patients with schizophrenia started with one of the four SGAs (OLZ, RSP, QTP, and ZSD), switched to another antipsychotic among the remaining SGAs if they discontinued their first treatment, and changed to CLZ if they discontinued their second antipsychotic.
Results
Base-Case Analysis
All but three strategies were dominated (i.e., they were more costly and less effective than another strategy or a combination of other strategies). The strategy of using RSP first, switching to ZSD if discontinuing RSP, followed by CLZ if discontinuing ZSD, that is, the RSP-ZSD strategy, had the lowest cost ($59,683) and lowest effectiveness (7.329 QALYs) among the three undominated strategies. The ZSD-RSP strategy was slightly more costly ($59,737) and more effective (7.339 QALYs). The comparison of these two strategies yielded an incremental cost-effective ratio (ICER) of only $5,200 per QALY gained for the ZSD-RSP strategy because there was a very small difference in the expected costs ($54) between these two strategies. The ZSD-QTP strategy was the most costly and most effective ($65,942 and 7.351 QALYs, respec- tively). The ZSD-QTP strategy yielded an incremental cost of $542,500 per QALY gained relative to the ZSD-RSP strategy.
Sensitivity Analyses
The univariate sensitivity analyses comparing ZSD-RSP with RSP-ZSD and ZSD-QTP with ZSD-RSP are shown in Figure 2 . The ICER comparing ZSD-RSP with RSP-ZSD varied most with changes in the cost of diabetes, CHD, relapse, and RSP; the probability of MS for RSP and ZSD; and the discount rate; however, all ICERs remained less than $30,000 per QALY. When increasing the cost of diabetes and CHD, ZSD-RSP dominated RSP-ZSD. The same results were obtained when decreasing the cost of relapse and RSP and the probability of developing MS for RSP. In comparing ZSD-QTP with ZSD-RSP, the ICER varied most with changes in the probability of MS for RSP, QTP, and CLZ and the cost of RSP; however, all ICERs remained above $165,000 per QALY. When decreasing the probability of MS for RSP or increasing the probability of MS for QTP, ZSD-QTP was dominated by ZSD-RSP. When the probabilities of medication discontinuation and relapse after 18 months were assumed 0, ZSD-RSP dominated RSP-ZSD. Compared with ZSD-RSP, ZSD-QTP was more costly ($102,929 vs. $89,296) and produced greater QALYs (7.218 vs. 7.208) with a large ICER value of more than $1,400,000/QALY gained. Therefore, ZSD-RSP was considered most cost-effective given a willingness-to-pay threshold of $50,000 or $100,000/QALY gained when assuming that the patients entered a stable phase after 18 months.
A probabilistic sensitivity analysis of 5,000 simulations also showed the ZSD-RSP strategy to be cost-effective compared with either the RSP-ZSD strategy or the ZSD-QTP strategy given a willingness-to-pay threshold that is consistent with many wellaccepted medical interventions. Compared with the RSP-ZSD strategy, the ZSD-RSP strategy was cost-effective in 88.82% of the simulations given a willingness-to-pay threshold of $50,000 for a QALY gained and 89.80% of the simulations given a threshold of $100,000 per QALY gained. The probabilities that this strategy was more cost-effective than the ZSD-QTP strategy were 99.96% and 98.82% with a willingness-to-pay threshold of $50,000 and $100,000 per QALY, respectively. The ZSD-RSP strategy as the most cost-effectiveness option was also suggested by the cost-effectiveness acceptability curve, which was drawn with three undominated treatment strategies (Fig. 3) .
Results varied by time horizon. With a time horizon of 18 months, all other treatment strategies were dominated by four strategies: RSP-ZSD, OLZ-RSP, OLZ-ZSD, and OLZ-QTP (from the least to the most costly treatment option). All ICER values, however, were more than $1,400,000 per QALY gained, indicating that RSP-ZSD was favored with a willingness-to-pay threshold of $50,000 and $100,000 per QALY. With a time horizon of 5 years, the same three treatment strategies (RSP-ZSD, ZSD-RSP, and ZSD-QTP) dominated all other strategies as the results of base case with a time horizon of 10 years. On comparing with the results with a time horizon of 10 years, however, we found that the ICER of ZSD-RSP increased up to $126,400 per QALY gained versus RSP-ZSD, suggesting that RSP-ZSD was still favorable given a willingness-to-pay threshold conventionally accepted. With a time horizon of 20 years, two treatment strategies (ZSD-RSP and ZSD-QTP) dominated all other strategies. That is, the RSP-ZSD strategy was dominated by ZSD-RSP and considered not being cost-effective any more in this case. The ZSD-QTP strategy was the most costly and produced the greatest QALY with an ICER of $138,500 per QALY gained compared with the ZSD-RSP strategy. Therefore, ZSD-RSP was the most cost-effective treatment option in considering a willingness-to-pay threshold, which was the same as the base-case results.
Discussion
We found the ZSD-RSP strategy to be a cost-effective option for willingness-to-pay thresholds between $50,000 and $100,000 per QALY. The incremental cost-effectiveness of this strategy was estimated to be $5,200 per QALY gained when compared with the RSP-ZSD strategy. Although the ZSD-QTP strategy yielded the greatest QALY, it was most costly with an ICER of $542,500 per QALY gained when compared with the ZSD-RSP strategy.
In sensitivity analyses, the ZSD-QTP strategy was the most costly, producing the greatest QALY, followed by the ZSD-RSP strategy and the RSP-ZSD strategy, which was consistent with the base-case analysis. The ICERs of the ZSD-QTP strategy compared with those of the ZSD-RSP strategy ranged from $167,800 to 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0 100,000 200,000 300,000 400,000 500,000 600,000
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RSP-ZSD ZSD-RSP ZSD-QTP Fig. 3 -Cost-effectiveness acceptability curves with three undominated treatment strategies. QALY, quality-adjusted life-year; QTP, quetiapine; RSP, risperidone; ZSD, ziprasidone. $969,500 per QALY gained, most of which were higher than the threshold values conventionally reported. All ICERs of the ZSD-RSP strategy versus the RSP-ZSD strategy, however, were below $50,000 per QALY gained. The results of favoring the ZSD-RSP strategy with a conventionally accepted threshold were robust when assuming that patients entered a stable phase after 18 months. Probabilistic sensitivity analyses also showed that the ZSD-RSP strategy was a cost-effective option given a willingnessto-pay value ranging from $5,200 to $286,000. The cardiometabolic risk of each medication was the most significant factor leading our results. Because ZSD possessed little or no risk for MS, the strategies including this agent were considered to be costeffective whereas all the strategies including OLZ with the greatest metabolic risk were dominated. Among the agents with an intermediate risk for metabolic disruption, RSP was preferred over QTP because the rates of discontinuation and relapse were lower among those assigned to RSP. Consequently, the strategies with the combination of ZSD and RSP were among the more costeffective options. Results, however, varied by different time horizons adopted. With a time horizon of 18 months or 5 years, the RSP-ZSD strategy was considered to be cost-effective with an acceptable threshold. The ZSD-RSP strategy, however, became a cost-effective option in 20-year follow-up. This suggests that the favored treatment strategy shifts from RSP-ZSD to ZSD-RSP as the model adopts a longer time horizon. As the time horizon increased, patients assigned to ZSD, which had little to no metabolic risk, received greater benefit compared with those assigned other first-line therapies because of the long-term benefits of reduced metabolic events. This resulted in first-line treatment with ZSD being cost-effective when adopting a relatively long time horizon. To our knowledge, this is the first analysis to quantitatively compare different SGA treatment strategies excepting a single UK-based study [17] . Most of the previous analyses have generally compared the cost-effectiveness of a single antipsychotic agent with that of another agent and not considered various treatment strategies from multiple uses of antipsychotics. Change or discontinuation of antipsychotic medications, however, frequently occurs during the treatment of schizophrenia for reasons such as inadequate efficacy, unacceptable side effects, or a patient's refusal to continue an antipsychotic. The present study considered switching and discontinuing antipsychotic medications and examined the potential long-term consequences of various treatment strategies. Although the UK-based study also derived some of its clinical data from CATIE, there are differences between this study and that study. First, it assumed that patients would receive 1 of 12 different treatment options, each consisting of two of four SGAs (aripiprazole, OLZ, QTP, and RSP) followed by CLZ. Thus, each treatment strategy was always composed of three SGAs. In our study, however, patients were allowed to continue the antipsychotic unless they had reasons to discontinue as noted earlier. This assumption made each treatment strategy consist of at least one to three SGAs. If patients had no reason to discontinue their first-line SGA treatment, we assumed that the patients would continue using this antipsychotic agent for the whole cycle. In this case, monotherapy was the treatment strategy. The strategy, however, consisted of three SGAs if patients had reasons to discontinue the first-line and secondline treatment. Second, new-onset metabolic syndrome and cardiovascular disease among patients treated with SGAs were also incorporated in our study although only diabetes was accounted for in the UK study. The association between the use of SGAs and risks of metabolic syndrome and cardiovascular disease has been consistently reported [5, 40, 41] . To consider a treatment-emergent cardiovascular disease, we first derived the incidence rates of metabolic syndrome from the literature using the CATIE data [19] . The risks of developing CHD from MS were then obtained from the Framingham CHD risk model [21] . The incidence rates of diabetes also differed in two studies. We obtained the risks of developing diabetes from MS using the diabetes risk model [20] , and the incidence rates of MS were derived from CATIE. The UK study referred, however, another epidemiological study to obtain the risks of diabetes. Finally, our study included ZSD instead of aripiprazole as one of the SGAs because CATIE had not included aripiprazole, which received its US licensure approval only after the study had been begun. In the UK study, however, aripiprazole was selected instead of ZSD on the basis of the treatment recommendation for the long-term management of schizophrenia made by the UK National Health Service [42] . In our study, the ZSD-related data were provided from CATIE along with data of the other SGAs. Because aripiprazole was not included in our study, direct comparisons of our results with the results of the UK study are not possible. The ranges of costs and QALYs between the two studies, however, differed little. Discounted QALYs and costs in the UK study for different treatment strategies ranged from 6.573 to 6.618 and £43,835 to £45,645; our results showed these to range from 7.275 to 7.351 and $59,683 to $78,345, respectively.
Among the SGAs addressed in the American Psychiatric Association guideline (2004), aripiprazole was not included in this study because of a lack of direct comparative data. Although some clinical trials compared the efficacy and safety of aripirpazole with another SGA (i.e., OLZ, RSP, or ZSD) as a single-line treatment, patient population and duration of these studies were not comparable with CATIE [43] [44] [45] [46] [47] . For example, these aripiprazole-involved studies lasted only for 4 weeks to 52 weeks. In addition, no study compared the risk of MS for aripiprazole with other SGAs, making it difficult to derive irreversible events data for aripiprazole. Although evidence was not sufficient enough to include it in our model, it is notable that aripiprazole has been recommended and considered in clinical practice as other SGAs. Accordingly, its clinical profiles are worth assessing in comparison with those of other SGAs. A recent comprehensive review study found that the overall efficacy of aripiprazole might be similar to that of RSP, somewhat better than that of ZSD, and slightly less superior to that of OLZ [48] . Regarding side effects, aripiprazole has been known to have less association with weight gain, heart problems, or prolactin increase than do OLZ and RSP, although it may cause some extrapyramidal effects. The authors, however, addressed limited evidence for these findings and requirements of more trials and research for aripiprazole. Moreover, several studies compared the cost-effectiveness of aripiprazole with that of other SGAs. One study demonstrated favorable cost-effective outcomes of aripiprazole relative to those of other SGAs (OLZ, QTP, and RSP) [49] , whereas three other studies favored these SGAs over aripiprazole [14, 16, 50] . These studies sponsored by the pharmaceutical manufacturers used different model assumptions, resulting in conflict findings. Because of the inconsistency of the results, it is challenging to include aripiprazole in interpreting our findings with other SGAs. Also, time horizons used in these studies (26 weeks to 1 year) were relatively short compared with 10 years in our study, indicating that they may not be long enough to capture the long-term outcomes from the treatment of schizophrenia as a chronic illness. Future direct head-to-head long-term comparative data for aripiprazole are needed to help identify comparative effectiveness of this medication.
Our study is largely dependent on patient population and the medication doses used in CATIE. For example, we derived the probabilities of MS from the CATIE population whose baselines were at significantly greater risk for cardiometabolic events compared with the general population [51, 52] . Subjects in CATIE having been treated with antipsychotics for 14 years on average before participating in the study might have increased cardiometabolic risk before the trial. This could result in overestimating the probabilities of treatment-emergent MS used in our model, which might also affect the resulting incidence of diabetes and CHD. Therefore, our analysis might overestimate the risks of the incidence of MS, diabetes, and CHD in antipsychotics such as OLZ, RSP, and QTP. In particular, OLZ, the most associated with such conditions, might be most influenced, whereas ZSD might not be affected by overestimating such risks because it is associated with little or no treatment-emergent MS. In addition, our estimates related to ZSD are less robust because fewer patients received ZSD in CATIE. To compensate for this limitation, we tested the effect of reducing the probabilities of MS by varying these probabilities within their 95% CIs. As noted previously, the ICERs in the base-case results were sensitive to changes in these probabilities for RSP, ZSD, QTP, and CLZ. Results of this test, however, still showed that the ZSD-RSP strategy was a favorable cost-effective option with the conventionally accepted willingness-to-pay threshold. Regarding the medication doses in CATIE, a relatively higher proportion of patients received the maximal dose of QTP and ZSD compared with those assigned to other SGAs. Changes in the doses of these medications might affect the results of our model. As the CATIE group noted, however, the doses of all medications in the study were generally similar to the average doses prescribed for patients with schizophrenia in the United States during its study period [7] . They argued that they used the dose ranges on the basis of their knowledge of clinical practice patterns and information from the manufacturer of each medication. There are several limitations to this study. First, outcomes of antipsychotics were assessed by considering a response rate, rates of no or tolerable side effects, patients' decision to continue using a medication, and relapse rate, but not the therapeutic efficacy per se. In other words, the effectiveness of antipsychotics was evaluated with QALYs and not with the improvement on measures of symptom severity, for example, using the Positive and Negative Syndrome Scale or the Clinical Global Impressions Scale. This is of concern because treatments differentially improve symptom severity in patients with schizophrenia. In particular, CATIE results showed that total Positive and Negative Syndrome Scale scores improved most in patients treated with OLZ, followed by RSP, QTP, and ZSD. Improvement in Clinical Global Impressions Scale scores was greatest in patients treated with OLZ, followed by RSP, ZSD, and QTP [7] . Therefore, our results might underestimate the benefits of OLZ and RSP by overlooking their improvement but favor QTP and ZSD despite their relatively small symptom improvement. Second, patients who failed two consecutive treatments (among OLZ, RSP, QTP, and ZSD) followed by CLZ (as a third-line therapy) were assumed to take no additional antipsychotic given that CLZ has been the treatment choice for refractory schizophrenia and there has been no guideline regarding the treatment of CLZrefractory patients. Although medication combinations or dose increases are sometimes used for these patients in clinical practice, the therapeutic utility of these approaches is yet to be firmly determined. One meta-analysis study found no overall advantages for the addition of a second antipsychotic to CLZ treatment [53] . Another meta-analysis study showed modest benefit of augmentation of CLZ with a second antipsychotic for patients not responding fully to CLZ [54] . Primarily, these combinations take various forms including a wide range of medications in addition to antipsychotics, making it difficult to determine a simple treatment regimen for such patients. Therefore, we assumed that CLZ-refractory patients would take no further antipsychotics. We do not believe that this assumption had a significant effect on our base-case results because patients spend only 2.0 to 2.2 years on average in an uncontrolled state, depending on the treatment strategy. This limitation, however, should be considered when interpreting our results until clearer guidance becomes available on the treatment of CLZ-refractory patients. Third, our model considered only direct medical costs from the perspective of the US health care system. In other words, indirect costs (e.g., productivity costs and informal caregiver time) were not included. We assumed that economic outcomes from different pharmacological treatment strategies were expected to vary because of different medication costs and follow-up costs generated from each medication-related side effects and relapse. Indirect costs were expected not to vary considerably for using different SGAs; thus, these costs would be counterbalanced in comparing the final outcomes. We acknowledge, however, that indirect costs can be substantial in the treatment of schizophrenia. If indirect costs were included with an alternative perspective, the outcomes from this assumption would represent the burden of patients with schizophrenia more precisely. In addition, we assumed that patients who had the discontinuation reasons would continue switching to another antipsychotic until they receive three different lines of therapy. In this way, we could evaluate all possible sequential strategies. It is possible, however, that such patients might entirely stop taking their first-line or second-line therapy and not proceed to the next treatment for some reason. Finally, we assumed that patients' responses to a certain SGA were independent of their responses to other SGAs because each SGA has shown different pharmacology, kinetics, overall efficacy, tolerability, and response.
Conclusions
In conclusion, our analysis suggests that ZSD should be considered as a first-line treatment for patients with schizophrenia. If patients discontinue ZSD for reasons such as inadequate efficacy, unacceptable side effects, or their refusal to continue, either QTP or RSP is recommended as a second-line treatment. Switching to QTP will produce greater effectiveness but cost much more than will switching to RSP (7.351 QALYs vs. 7.339 QALYs and $65,942 vs. $59,737, respectively) with an ICER of $542,500/QALY gained. Changing to RSP with an ICER of $5,200/QALY gained would be a cost-effective treatment strategy given a conventionally accepted threshold of ICER. Our results, however, should be interpreted with caution because they are based largely on CATIE with potentially limited generalizability in terms of patient populations and the doses of SGAs used.
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